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METHOD AND APPARATUS FOR 
MAINTAINING COMPRESSION 
OF THE ACTIVE AREA IN AN 
ELECTROCHEMICAL CELL 

Cross Reference to Related Applications 

This application is a continuation in-part of U.S. Patent Application Serial Number 
09/965,680, filed on September 27, 2001 , which claims priority to U.S. Application 
Serial No. 60/235,757, filed September 27, 2000, which are fully incorporated herein 
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Background of Invention 

[0001] The present disclosure relates to a method and apparatus for maintaining 
compression within the active area of an electrochemical cell. 

[0002] 

Electrochemical cells are energy conversion devices, usually classified as either 
electrolysis cells or fuel cells. A proton exchange membrane electrolysis cell can 
function as a hydrogen generator by electrolytically decomposing water to produce 
hydrogen and oxygen gas, and can function as a fuel cell by electrochemically reacting 
hydrogen with oxygen to generate electricity. Referring to Figure 1 , which is a partial 
section of a typical anode feed electrolysis cell 1 00, process water 1 02 is fed into cell 
1 00 on the side of an oxygen electrode (anode) 1 1 6 to form oxygen gas 1 04, 
electrons, and hydrogen ions (protons) 106. The reaction is facilitated by the positive 
terminal of a power source 1 20 electrically connected to anode 1 1 6 and the negative 
terminal of power source 1 20 connected to a hydrogen electrode (cathode) 1 14. The 
oxygen gas 1 04 and a portion of the process water 1 08 exit cell 1 00, while protons 
1 06 and water 1 1 0 migrate across a proton exchange membrane 1 1 8 to cathode 1 1 4. 
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At cathode 1 1 4, hydrogen gas 1 1 2 is formed and removed. Water 1 1 0 is also removed 
from cathode 114. 

» 

[0003] Another typical water electrolysis cell using the same configuration as is shown in 
Figure 1 is a cathode feed cell, wherein process water is fed on the side of the 
hydrogen electrode. A portion of the water migrates from the cathode across the 
membrane to the anode where hydrogen ions and oxygen gas are formed due to the 
reaction facilitated by connection with a power source across the anode and cathode. 
A portion of the process water exits the cell at the cathode side without passing 
through the membrane. 

[0004] A typical fuel cell uses the same general configuration as is shown in Figure 1 . 

Hydrogen gas is introduced to the hydrogen electrode (the anode in fuel cells), while 
oxygen, or an oxygen-containing gas such as air, is introduced to the oxygen 
electrode (the cathode in fuel cells). Water can also be introduced with the feed gas. 
The hydrogen gas for fuel cell operation can originate from a pure hydrogen source, 
hydrocarbon, methanol, or any other hydrogen source that supplies hydrogen at a 
purity suitable for fuel cell operation (i.e., a purity that does not poison the catalyst or 
interfere with cell operation). Hydrogen gas electrochemically reacts at the anode to 
produce protons and electrons, wherein the electrons flow from the anode through an 
electrically connected external load, and the protons migrate through the membrane 
to the cathode. At the cathode, the protons and electrons react with oxygen to form 
water, which additionally includes any feed water that is dragged through the 
membrane to the cathode. The electrical potential across the anode and the cathode 
can be exploited to power an external load. 

In other embodiments, one or more electrochemical cells can be used within a 
system to both electrolyze water to produce hydrogen and oxygen, and to produce 
electricity by converting hydrogen and oxygen back into water as needed. Such 
systems are commonly referred to as regenerative fuel cell systems. 

Electrochemical cell systems typically include one or more individual cells 
arranged in a stack, with the working fluids directed through the cells via input and 
output conduits formed within the stack structure. The cells within the stack are 
sequentially arranged, each including a cathode, a proton exchange membrane, and 



[0005] 



[0006] 
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an anode (hereinafter "membrane electrode assembly", or "MEA"). Each cell typically 
further comprises a first flow field in fluid communication with the cathode and a 
second flow field in fluid communication with the anode. The MEA may be supported 
on either or both sides by screen packs or bipolar plates disposed within the flow 
fields, and which may be configured to facilitate membrane hydration and/or fluid 
movement to and from the MEA. 

[0007] In order to maintain intimate contact between cell components under a variety of 
operational conditions and over long time periods, uniform compression is applied to 
the cell components. Pressure pads or other compression means are often employed 
to provide even compressive force from within the electrochemical cell. Some pressure 
pads are fabricated from materials incompatible with system fluids and/or the cell 
membrane, thereby requiring the pressure pads to be disposed within a protective 
encasing or otherwise isolated from the system fluids. 

[0008] Even in the absence of a protective casing or a separator plate, it nonetheless 
remains difficult to manufacture pressure pad that provide even compression, 
especially at high pressures, for example greater than about 1 50 pounds per square 
inch (psi). There accordingly remains a need in the art for an improved pressure pad 
that maintains uniform compression, can be utilized for extended periods at high 
pressures, and that is compatible with the electrochemical cell environment. 

Summary of Invention 

[0009] Disclosed herein are electrochemical cells and cell collector plates. In one 

embodiment, the electrochemical cell comprises: a first electrode, a second electrode, 
and a membrane disposed between and in ionic communication with the first 
electrode and the second electrode. A first flow field is in fluid communication with 
the first electrode and disposed opposite the membrane, with a second flow field in 
fluid communication with second electrode and disposed opposite the membrane, and 
an electrically conductive pressure pad adjacent the first flow field and the first 
electrode. The pressure pad comprises a mixture of at least one substoichiometric 
oxide of titanium and an elastomeric material. 

[0010] 

In one embodiment, the electrochemical cell collector plate comprises: a first 
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metal foil and a second metal foil wherein disposed between the first metal foil and 
the second metal foil is a layer comprising an integral mixture of an electrically 
conductive material and an elastomeric material. 

[001 1] The above discussed and other features and advantages will be appreciated and 
understood by those skilled in the art from the following detailed description and 
drawings. 

Brief Description of Drawings 

[001 2] Refer now to the drawings, which are meant to be exemplary and not limiting. 

[001 3] Figure 1 is a schematic diagram of a partial prior art electrochemical cell showing 
an electrochemical reaction. 

[0014] Figure 2 is an expanded schematic diagram of an electrochemical cell. 

[001 5] Figure 3 is a schematic diagram of an exemplary unitary, porous, conductive 
pressure pad. 

[0016] Figure 4 is a schematic diagram of an exemplary pressure pad system comprising 
a unitary pressure pad. 

[001 7] Figure 5 is a graph illustrating resistance vs. amps for various pressure pads. 

[001 8] Figure 6 is a schematic diagram of an embodiment of an electrochemical cell 
showing pressure pads and their respective locations. 

[001 9] Figure 7 is a schematic diagram of a cutaway, sectional, side view of an exemplary 
collector plate. 

[0020] Figure 8 is a schematic diagram of an embodiment of the inner layer of a collector 
plate in which the active area comprises a conductive material and the inactive area or 
perimeter comprises a non-conductive material. 

Detailed Description 

[0021] 

Novel, unitary, electrically conductive pressure pads for maintaining compression 
of the active area in an electrochemical cell are in the form of a single, sheet 
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comprising an integral blend of electrically conductive material and polymeric 
material. These pressure pads can be utilized on sides of the cell proximate to the 
first electrode, the second electrode, or separately on both sides of the cell proximate 
to both electrodes. The pressure pads herein can be exposed to the system fluids, 
disposed in the flow field of the cell, or as a substitute for the conventional assembly 
of a pressure pad and support member. 

[0022] Although the disclosure below is described in relation to a proton exchange 

membrane electrochemical cell employing hydrogen, oxygen, and water, other types 
of electrochemical cells and/or electrolytes may be used, including, but not limited to, 
phosphoric acid and the like. Various reactants can also be used, including, but not 
limited to, hydrogen bromine, oxygen, air, chlorine, and iodine. Upon the application 
of different reactants and/or different electrolytes, the flows and reactions are 
understood to change accordingly, as is commonly understood in relation to that 
particular type of electrochemical cell. 

[0023] Referring to Figure 2, an electrochemical cell 200 suitable for operation as an 
anode feed electrolysis cell, cathode feed electrolysis cell, fuel cell, or part of a 
regenerative fuel cell is schematically shown. Thus, while the discussion below is 
directed to an anode feed electrolysis cell, cathode feed electrolysis cells, fuel cells, 
and regenerative fuel cells are also within the scope of the present disclosure. Cell 
200 is typically one of a plurality of cells employed in a cell stack as part of an 
electrochemical cell system. When cell 200 is used as an electrolysis cell, power inputs 
are generally about 1 .48 volts to about 3.0 volts, with current densities about 50 A/ft 

2 2 
(amperes per square foot) to about 4,000 A/ft . When used as a fuel cells, power 

outputs are about 0.4 volts to about 1 volt, and about 0.1 A/ft 2 to about 1 0,000 A/ft 

2 . The number of cells within the stack, and the dimensions of the individual cells, is 
scalable to the cell power output and/or gas output requirements. 

[0024] 

Cell 200 includes a membrane 202 having a first electrode (e.g., an anode) 204 
and a second electrode (e.g., a cathode) 206 disposed on opposite sides thereof. Flow 
fields 210, 220, which are in fluid communication with electrodes 204 and 206, 
respectively, are defined generally by the regions proximate to, and bounded on at 
least one side by, each electrode 204 and 206 respectively. A flow field member 228 
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may be disposed within flow field 220 between electrode 206 and, optionally, a 
pressure pad separator plate 222. A pressure pad 230 is typically disposed between 
pressure pad separator plate 222 (which is optional) and a cell separator plate 232. 
Cell separator plate 232 is disposed adjacent to pressure pad 230. A frame 224, 
generally surrounding flow field 220 and an optional gasket 226, is disposed between 
frame 224 and optional pressure pad separator plate 222 generally for enhancing the 
seal within the reaction chamber defined on one side of cell 200 by frame 224, 
pressure pad separator plate 222 and electrode 206. Gasket 236 may be disposed 
between pressure pad separator plate 222 and optional cell separator pad 232 
enclosing pressure pad 230. 

[0025] Another flow field member 218 may be disposed in flow field 210. A frame 214 
generally surrounds flow field member 21 8, a cell separator plate 21 2 is disposed 
adjacent flow field member 21 8 opposite oxygen electrode 204, and a gasket 216 is 
disposed between frame 214 and cell separator plate 212, generally for enhancing the 
seal within the reaction chamber defined by frame 214, cell separator plate 212 and 
the oxygen side of membrane 202. The cell components, particularly cell separator 
plates 212, 232, frames 214, 224, and gaskets 216, 226, and 236 are formed with the 
suitable manifolds or other conduits. 

[0026] Membrane 202 comprises electrolytes that are preferably solids or gels under the 
operating conditions of the electrochemical cell. Useful materials include, for example, 
proton conducting ionomers and ion exchange resins. Useful proton conducting 
ionomers include complexes comprising an alkali metal salt, alkali earth metal salt, a 
protonic acid, a protonic acid salt or mixtures comprising one or more of the 
foregoing complexes. Counter-ions useful in the above salts include halogen ion, 
perchloric ion, thiocyanate ion, trifluoromethane sulfonic ion, borofluoric ion, and the 
like. Representative examples of such salts include, but are not limited to, lithium 
fluoride, sodium iodide, lithium iodide, lithium perchlorate, sodium thiocyanate, 
lithium trifluoromethane sulfonate, lithium borofluoride, lithium 
hexafluorophosphate, phosphoric acid, sulfuric acid, trifluoromethane sulfonic acid, 
and the like. The alkali metal salt, alkali earth metal salt, protonic acid, or protonic 
acid salt can be complexed with one or more polar polymers such as a polyether, 
polyester, or polyimide, or with a network or cross-linked polymer containing the 
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above polar polymer as a segment. Useful polyethers include polyoxyalkylenes, such 
as polyethylene glycol, polyethylene glycol monoether, and polyethylene glycol 
diether; copolymers of at least one of these polyethers, such as poly(oxyethylene-co- 
oxypropylene) glycol, poly(oxyethylene-co-oxypropylene) glycol monoether, and poly 
(oxyethylene-co-oxypropylene) glycol diether; condensation products of 
ethylenediamine with the above polyoxyalkylenes; and esters, such as phosphoric acid 
esters, aliphatic carboxylic acid esters or aromatic carboxylic acid esters of the above 
polyoxyalkylenes. Copolymers of, e.g., polyethylene glycol with dialkylsiloxanes, 
maleic anhydride, or polyethylene glycol monoethyl ether with methacrylic acid exhibit 
sufficient ionic conductivity to be useful. 

[0027] Ion-exchange resins useful as proton conducting materials include hydrocarbon- 
and fluorocarbon-type resins. Hydrocarbon-type ion-exchange resins include 
phenolic resins, condensation resins such as phenol-formaldehyde, polystyrene, 
styrene-divinyl benzene copolymers, styrene-butadiene copolymers, styrene- 
divinylbenzene-vinylchloride terpolymers, and the like, that can be imbued with 
cation-exchange ability by sulfonation, or can be imbued with anion-exchange ability 
by chloromethylation followed by conversion to the corresponding quaternary amine. 

[0028] Fluorocarbon-type ion-exchange resins can include, for example, hydrates of 
tetrafluoroethylene-perfluorosulfonyl ethoxyvinyl ether or tetrafluoroethylene- 
hydroxylated (perfluoro vinyl ether) copolymers and the like. When oxidation and/or 
acid resistance is desirable, for instance, at the cathode of a fuel cell, fluorocarbon- 
type resins having sulfonic, carboxylic and/or phosphoric acid functionality are 
preferred. Fluorocarbon-type resins typically exhibit excellent resistance to oxidation 

by halogen, strong acids, and bases. One family of fluorocarbon-type resins having 

TM 

sulfonic acid group functionality is NAFION resins (commercially available from E. 
I. du Pont de Nemours and Company, Wilmington, DE). 

[0029] 

Electrodes 204 and 206 comprise catalyst suitable for performing the needed 
electrochemical reaction (i.e., electrolyzing water to produce hydrogen and oxygen). 
Suitable electrodes comprise, but are not limited to, platinum, palladium, rhodium, 
carbon, gold, tantalum, tungsten, ruthenium, iridium, osmium, and the like, as well as 
alloys and combinations comprising one or more of the foregoing materials. 
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Electrodes 204 and 206 can be formed on membrane 202, or may be layered adjacent 
to, but in contact with or in ionic communication with, membrane 202. 



system fluids, and preferably are electrically conductive, and may be, for example, 
screen packs or bipolar plates. The screen packs include one or more layers of 
perforated sheets or a woven mesh formed from metal or strands. These screens 
typically comprise metals, for example, niobium, zirconium, tantalum, titanium, 
carbon steel, stainless steel, nickel, cobalt, and the like, as well as alloys and 
combinations comprising one or more of the foregoing metals. Bipolar plates are 
commonly porous structures comprising fibrous carbon or fibrous carbon 
impregnated with polytetrafluoroethylene or PTFE (commercially available under the 
trade name TEFLON • from E. I. du Pont de Nemours and Company). 

[0031] The pressure pad provides even compression to the active area of the cell, i.e., the 
electrodes and any space between two or more electrically associated electrodes of 
the cell. Maintaining even compression across the active area of the cell pad presents 
a particular challenge, especially where the differential pressure across the membrane 
is greater than or equal to about 1 50 psi, greater than or equal to about 250 psi, 
greater than or equal to about 500 psi, greater than or equal to about 1 ,000 psi, and 
especially greater than or equal to about 2,000 psi, or even greater than or equal to 
about 10,000 psi. 

[0032] The inventors hereof have found that use of an electrically conductive, unitary 

pressure pad consisting essentially of an integral blend of an elastomeric material and 
electrically conductive particulate material alleviates at least some of the difficulties 
associated with the prior art. Preferably, the elastomeric materials and the electrically 
conductive materials are selected so as to be inert in the electrochemical cell 
environment, in order to prevent degradation of the pad from exposure to the system 
fluids, and to prevent contamination of the system fluids by the materials. 

[0033] Suitable elastomeric materials include, but are not limited to, silicones, such as, 
for example, fluorosilicones; fluoroelastomers, such as KALREZ ® (commercially 
available from E. I. du Pont de Nemours and Company), VITON • (commercially 
available from E. I. du Pont de Nemours and Company), and FLUOREL • (commercially 



[0030] 



Flow field members 21 8, 228 and support membrane 202, allow the passage 
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available from Minnesota Mining and Manufacturing Company, St. Paul, MN); and 

combinations comprising one or more of the foregoing elastomeric materials. Suitable 

electrically conductive materials include, but are not limited to, particulate, conductive 

metals and alloys and superalloys thereof, for example, copper; silver; niobium; 

zirconium; tantalum; titanium; iron and iron alloys, (e.g., steels such as stainless 

steel); nickel and nickel alloys such as HASTELLOY • (commercially available from 

Haynes International, Kokomo, IN); cobalt and cobalt alloys such as ELCILOY • 

© 

(commercially available from Elgiloy Limited Partnership, Elgin, IL) and MP35N • 
(commercially available from Maryland Speciality Wire, Inc., Rye, NY); hafnium, and 

tungsten, among others; precious metals such as gold, platinum, ruthenium, osmium, 

rhodium, iridium, palladium, and the like, as well as alloys and mixtures comprising 

one or more of the foregoing materials. Also useful are non-conductive particles 

coated with conductive materials, for example silver-coated glass spheres. 

[0034] Suitable, electrically conductive materials also include conductive, particulate 
carbon, for example acetylene blacks, conductive furnace blacks (CF), super- 
conductive furnace blacks (SCF), extra-conductive furnace blacks (XCF), conductive 
channel blacks (CC), furnace blacks and channel blacks after a heat treatment at a 
high temperature of about 1 ,500 0 C, and so on. Various commercial products are 
available and can be used as such including, for example, Denka Acetylene Black 
manufactured by Denki Kagaku Kogyo Co., Vulcan C manufactured by Cabot Corp., 
Continex SCF manufactured by Continental Carbon Co. and Vulcan SC manufactured 
by Cabot Corp., Vulcan XC-72 manufactured by Cabot Corp., Kohlax L manufactured 
by DEGUSSA Co. Ketjen Black EC and Ketjen Black EC-600JD manufactured by Ketjen 
Black International Co. Acetylene blacks in particular have a very low content of 
impurities and high electroconductivity-imparting power as a consequence of the 
well-developed secondary structure of the primary particles. Other types of 
conductive carbon include vapor grown carbon fibers, carbon nanotubes, and the like. 

[0035] Preferably, the electrically conductive material comprises substoichiometric oxides 

of titanium (Ti). Substoichiometric oxides of titanium are also referred to as Magneli 

phases and have the formula Ti O where n is an integer of 4 or more. 

n 2n-l 

Examples of substoichiometric oxides of titanium include Ti O , Ti O , Ti O 

4 7 5 9 6 

, and the like, as well as mixtures comprising one or more of the foregoing oxides. 
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Substoichiometric oxides of titanium are commercially available as Ebonex • from 
Atraverda Limited. The electrical conductivity and corrosion resistance of 
substoichiometric oxides of titanium are described in U.S Patent Nos. 4,91 2,286 and 
5,281,496 to Clarke. 

[0036] One of the useful properties of substoichiometric oxides of titanium is their 

inertness to many chemicals, acids, bases, and solvents. Unlike some precious metals, 
such as silver, substoichiometric oxides of titanium do not have a significant potential 
to breakdown and contaminate the hydrogen gas stream. In addition, the inertness of 
substoichiometric oxides of titanium renders them less susceptible to 
electromigration at high current levels than other electrically conductive materials. By 
electromigration, it is meant that the momentum of the electrons induces a direction 
to the normal random self-diffusion resulting in bulk displacement of the metal. 
Nominally, the current density is not high enough to allow electromigration. However, 
when the conductive area is a coating on a nonconductive particle substrate, current 
densities that faciliate electromigration can be approached if the particle packing is 
imperfect and the coating is about one micron or less in thickness. Although not 
precisely known, it is believed that electromigration occurs at current levels of more 

than about 1 0,000 A/cm 2 . A pressure pad comprising substoichiometric oxides of 
titanium as the electrically conductive material is compatible with the fuel cell 

environment and can be exposed to system fluids, i.e., utilized without the optional 

pressure pad separator plate. 

[0037] The electrically conductive material is in particulate form. The particles are of a 
size so as to provide a smooth surface, i.e., be contained within the profile of a 
pressure pad after manufacture. Suitable particle sizes vary widely, and are readily 
determined by one of ordinary skill in the art depending on factors including, but not 
limited to, the particular materials chosen, the desired elastomeric characteristics and 
conductivity (conversely, the resistivity) of the pressure pad, the cost of the materials, 
the size of the pressure pad, the method of manufacture, and other considerations. In 
general, the average longest dimension of the particle will be less than that of the 
smallest dimension of the pressure pad. The particular shape of the particles is not 
critical, and includes spheres, plates, whiskers, fibers (e.g. short, long, chopped and 
the like), irregularly shaped particles, and the like. 
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[0038] Electrically conductive materials that comprise substoichiometric oxides of 

titanium can be any particulate form such as, for example, powders, tubes or plates. 
As a powder, particle sizes of about 10 micrometers to about 300 micrometers are 
commercially available from Atraverda Limited. Alternatively or in addition to particles, 
the substoichiometric oxides of titanium can be tubes with outer diameters of about 
18 millimeters (mm) to about 28 mm. The pressure pad comprises an integral blend 
of the above materials, such that the components of the blend are not physically 
separated under the pressures encountered during operation of the electrochemical 
cells. Methods for achieving such blends include, for example, sintering and/or 
pressing suitable quantities of electrically conductive particulate material and 
elastomeric particulate material to form a sheet, and the like. When these methods are 
used, the relative size of the electrically conductive material and the elastomeric 
particles may be roughly equal. A suitable maximum average particle dimension may 
be, for example about 1 micrometer to about 100 micrometers, with about 10 
micrometers to 50 micrometers preferred. Without being held to theory, it is believed 
that during processing, the elastomeric material fjlls the particle interstices in a 
continuous, integral manner. 

[0039] Alternatively, various methods for adding particulate, electrically conductive filler 
materials to resins may also be used, wherein the polymeric resin along with the 
conductive components and any additional additives are compounded in any 
commercially available production device such as, for example, an extruder, roll mill, 
dough mixer, kneader and the like. The polymeric resin may be initially in the form of 
powder, strands, or pellets and may be pre-compounded with the conductive particles 
in a Henschel mixer or other type of mixer capable of imparting shear to the mixture 
so as to bring the components into intimate contact. The pre-compounded mixture 
may then be extruded at a suitable temperature into a strand that is quenched and 
pelletized. 

[0040] Alternately, the polymeric resin may be directly added to the extruder with 

electrically conductive particulates being added either concurrently or sequentially 
into the extruder to form the conductive strand. Extruder temperature is generally 
sufficient to cause the polymeric resin to flow so that proper dispersion and wetting of 
the conductive particles may be achieved. The conductive pellets formed as a result of 
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extrusion (or conductive sheets obtained from a roll mill) are then subjected to a 
finishing or forming process such injection molding, blow molding, vacuum forming 
and the like to form a usable conductive article. 



adding the particulate, electrically conductive material, and mixing, followed by 
casting or molding, and the like. When these methods are used, the maximum 
average particle dimension may be much smaller. A suitable maximum average 
particle dimension may be, for example, about 1 0 nanometers to about 1 00 
millimeters, preferably about 1 micrometer to about 1 millimeter. The conductive 
fillers may exist in the form of drawn wires, tubes, nanotubes, flakes, laminates, 
spheres, platelets, ellipsoids, discs, and other commercially available geometries. 
Regardless of the exact size, shape and composition of the conductive filler particles, 
they should be thoroughly dispersed through the polymeric resin. The percentage of 
conductive filler can be about 5 wt36 to bout 99 wt96 based upon the total weight of the 
pressure pad. Within this range, an amount of conductive filler of greater than or 
equal to about 1 0 wt% is preferred, with greater than or equal to about 25 wt% more 
preferred. Also within this range, the percentage of conductive particles can be less 
than or equal to about 90 wt%, with less than or equal to about 80 wt% preferred. Such 
compositions and their method of manufacture have been described, for example, in 
U.S. Patent Nos. 4,01 1 ,360; 5,082,596; 5,296,570; 5,498,644; 5,585,038; and 
5,656,690. A number of integral mixtures of this type are commercially available from 
vendors such as the Stockwell Rubber Company or Performance Polymer 
Technologies, and include, for example, a solid silicone elastomer containing a 
mixture of particulate nickel and carbon available from Parker Chomerics under the 
designation S6305, a solid silicone elastomer containing particulate silver-coated 
alumina available from Parker Chomerics under the designation 1 285, a solid silicone 
elastomer containing particulate, silver-coated glass available from Parker Chomerics 
under the designation 1285, a solid silicone elastomer containing a mixture of silver 
and nickel available from Parker Chomerics under the designation 1215, and a silver- 
coated glass available from Parker Chomerics under the designation 1 350. 

As mentioned above, the type, size, shape, and quantities of the components of 
the integral blend are selected so as to provide optimal resilience to the pressure pad 



[0041] 



An alternative process comprises dissolving the elastomeric resin in a solvent, 
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that allows a highly predictable and substantially uniform spring rate to be realized, 
thereby allowing for substantially uniform compression of the cell system components 
under pressure. The type, size, shape, and quantities of the components of the 
integral blend are further selected so as to provide optimal conductivity (inversely, 
proportionally optimal resistivity) to the pressure pad. Optimal resistivity will depend 
upon factors such as the reactants, cell size, and operating parameters such as 
pressure, and the like. In general, the pressure pads will have a volume resistivity of 
less than ot equal to about 5.0 Ohm-centimeter (Ohm-cm), preferably less than or 
equal to about 1 .0 Ohm-cm, more preferably less than or equal to about 0.1 Ohm- 
cm, and most preferably less than or equal to about 0.01 Ohm-cm as measured by 

MIL-G-83528 para. 4.6.1 1. The preferred resistivity range is about 1x10 5 to about 
1x10 , preferably about 1x10 2 Ohm-cm. 

[0043] The integral blend is furthermore provided in the form a unitary sheet. As used 

herein, "unitary" means a single sheet wherein the outer surface disposed adjacent to 
an active area of the electrochemical cell is smooth as shown in Figure 3. The phrase 
"a unitary sheet" is thus intended to exclude constructions where, for example, 
elastomeric fibers are interwoven with electrically conductive fibers, or where 
elastomers are molded into the depressions of a stamped metal sheet. 

[0044] geometry and dimensions of the pressure pads will depend on the geometry, 

dimensions, and operating pressures of the cell, and similar considerations. The 
pressure pad can have any geometry that will enable substantially uniform 
compression across the entire active area of the cell once assembled. Preferably, a 
pressure pad accordingly has a geometry and area suitable to exert pressure toward 
the active area. For example, circular pressure pads are suitable for certain 
electrochemical cells that have a generally circular section with a diameter greater 
than about 0.1 inches (2.54 mm) and up to greater than 10 feet (3.048 meters). In 
general, a thickness of about 0.0005 to about 6 inches (about 0.01 27 to about 1 52.4 
millimeters (mm)), preferably about 0.005 to about 1 inch (about 0. 1 27 to about 25.4 
mm) for cells having cross sectional areas of about .01 to about 10 square feet (about 
0.00093 to about 0.93 square meters) are useful. Of course, dimensions and 
geometry of the electrochemical cell may vary depending on factors including but not 
limited to spatial availability and power requirements. The pressure pad further has a 
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void volume to allow compression under pressure. In one embodiment of pressure 
pad 330 shown in Figure 3, the void volume is provided by pores 240 extending 
through the thickness of pressure pad 330. The degree of void volume will vary 
depending on the cell operating conditions, and may be readily determined by one of 
ordinary skill in the art without undue experimentation. In general, in order allow 
effective compressibility, the void volume is preferably about 0.1% to about 90%, with 
about 1 096 to about 85% or greater void volume more preferred, and about 30% to 
about 50% especially preferred, based on the total volume of the pressure pad. Where 
the pressure pad is designed to allow the passage of fluid, the pressure pad generally 
has a greater void volume, typically about 1 0% to about 90%, with about 20% to about 
80% void volume preferred, based on the total volume of the pressure pad. 

[0045] The electrically conductive, unitary pressure pad may be used alone, or as part of 
a pressure pad system 450. In an exemplary system shown in Figure 4, unitary, 
electrically conductive pressure pad 430 is disposed adjacent to one or more 
conductive layers 460, 470 for example, one or more copper foils or metal mesh. The 
void volume in this embodiment may be provided by pores, or by voids 480 as shown. 
Voids 480 may have any suitable profile, including, but not limited to, hemispheres, 
diamonds, channels, irregular shapes, and the like. 

[0046] Referring now to Figure 6, a schematic of a cell 600 having an embodiment of the 
pressure pad is shown. Cell 600 includes a first electrode 604 and a second electrode 
606 disposed in intimate contact with a membrane 602 enclosed in a chamber defined 
by cell separator plates 612, 632 and frames 614, 624. Cell 600 further includes a 
member 61 8 in a flow field 61 0 adjacent to first electrode 604 opposite membrane 
602 and a pressure pad 640 in a flow field 620 between second electrode 606 and cell 
separator plate 632. A pressure pad 650 is at least in partial fluid communication with 
member 618, and is disposed between member 61 8, and cell separator plate 61 2. 
Pressure pads 640 and 650 are of similar material and configuration as pressure pad 
330 described above with respect to Figure 3. In this configuration, pressure pad 640 
serves not only as the means for ensuring the positive contact of the cell components 
but also as the primary means of membrane support. In addition, the cell 600 may 
also comprise optional pressure plates 655 and 657 at one or both sides of the 
pressure pad. The optional pressure plates increase the compression within the cell. 
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[0047] Cell 600 may be an anode feed electrolysis cell, a cathode feed electrolysis cell, or 
a fuel cell. With the aid of pressure pad 640, electrical contact between second 
electrode 606 and cell separator plate 632 is maintained. Further, with the aid of 
pressure pad 650, electrical contact between the first electrode 604 and membrane 
61 8 one side of pressure pad 650, and cell separator plate 61 2 on the other side of 
pressure pad 650, is maintained. 

[0048] In addition to the above preferred embodiment, alternative embodiments are also 
described, wherein similar elements are described with reference to Figure 6. In one 
embodiment, instead of the combination of a member 618 and a pressure pad 640, a 
pressure pad can be provided at least in partial fluid communication with the second 
electrode 606 on one side of the pressure pad 640 and the cell separator plate 612 on 
the other side of the pressure pad. In this configuration, the pressure pad serves as 
the means for ensuring the positive contact of the cell components and as the primary 
means of membrane support. 

[0049] In another embodiment, a member 61 8 in a flow field 61 0 adjacent to first 
electrode 604 opposite membrane 602 and a second member in a flow field 620 
between second electrode 606 and cell separator plate 632. A pressure pad 640 is at 
least partially in fluid communication with member 618 and is disposed between 
member 618 and cell separator plate 61 2. With the aid of pressure pad 640, electrical 
contact between first electrode 604 and member 61 8 on one side of pressure pad 
640, a cell separator plate 632 on the other side of pressure pad 640 is maintained. 

[0050] In yet another embodiment, a pressure pad 640 is provided at least in partial fluid 
communication with first electrode 604 and all separator plate 61 2. Pressure pad 640 
is surrounded by frame 614. In this configuration, pressure pad 640 serves not only 
as the means for ensuring the positive contact of the cell components, but also as the 
primary means of membrane support. 

[0051] j n anot h er embodiment, a first pressure pad 640 is in at least partial fluid 
communication with member 61 8 and disposed between member 61 8 and cell 
separator plate 61 2, and a second pressure pad 650 is at least in partial fluid 
communication with a second member and is disposed between the second member 
and cell separator plate 632. With the aid of pressure pad 640, electrical contact 
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[0052] 



[0053] 



[0054] 



[0055] 



[0056] 



between the first electrode 604 and member 618 on one side of pressure pad 640, 
and cell separator plate 61 2 on the other side of pressure pad 640, is maintained. 
Likewise, with the aid of pressure pad 650, electrical contact between second 
electrode 606 and the second member on one side of pressure pad 650, and cell 
separator plate 632 on the other side of pressure pad 650 is maintained. 

In yet another embodiment, cell 600 includes a pressure pad 640 within a flow 
field 620 between second electrode 606 and cell separator plate 632, and a pressure 
pad 650 within a flow field 610 between first electrode 604 and cell separator plate 
612. In this configuration, pressure pads 640 and 650 serve not only as the means for 
ensuring positive contact of the cell components, but also as the primary means of 
membrane support. 

In a further embodiment, the cell 600 includes a member 61 8 in a flow field 620 
adjacent to second electrode 606 opposite membrane 602 and a pressure pad 640 at 
least in partial fluid communication with member 61 8. Additionally, a pressure pad 
650 is at least in partial fluid communication with first electrode 604 and is disposed 
between first electrode 604 and cell separator plate 61 2. In this configuration, 
pressure pad 650 serves not only as the means for ensuring the positive contact of 
the cell components, but also as the primary means of membrane support. 

In another embodiment, cell separator plates 612 and 632 can comprise fuel cell 
collector plates. A fuel cell collector plate 700, as disclosed herein, comprises two foil 
sheets 71 0, 730 with a layer 720 disposed between the sheets 710, 730. Layer 720 
comprises an integral mixture of conductive particles and elastomeric material (Figure 
7). The presence of the integral mixture of conductive particles and elastomeric 
material between the foil sheets 710,730 provides a conduction path between the foil 
sheets 710, 730. 

Foil sheets 71 0, 730 can comprise a single sheet or multiple sheets. In one 
embodiment, foil sheets 710, 730 comprise flow fields. Flow passages 740 can be 
integral to the foil sheets thus forming flow fields on the sheets. 

The foil sheets 710, 730 can be any material that is electrically conductive, 
compatible with the electrochemical cell environment, is capable of having flow fields 
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formed thereon and that maintains sufficient structural integrity to withstand the cell 
operating conditions. Possible materials include, but are not limited to, metals, metal 
alloys, and metal superalloys such as iron and iron alloys (e.g., stainless steel and the 

like), titanium, niobium, nickel and nickel alloys (e.g., HASTELLOY 7 , commercially 
available from Haynes International, Kokomo, IN), cobalt and cobalt superalloys (e.g., 

ELGILOY 7 , commercially available from Elgiloy 7 Limited Partnership, Elgin, IL and 

MP35N , commercially available from Maryland Speciality Wire, Inc., Rye, NY), 
hafnium, zirconium, tungsten, and tantalum, among others, as well as alloys and 

combinations comprising one or more of the foregoing materials. Titanium is 

preferred because of its strength, durability, availability, low cost, ductility, low 

density, and its compatibility with the electrochemical cell environment. 

[0057] The foil sheets 71 0, 730 have a thickness sufficient to withstand the pressures 
within the cell stack during operation, i.e., has sufficient structural integrity. For 
example, a foil thickness of about 1 to about 20 mils (25.4 micrometers to 50.8 
micrometers) is preferred, with a thickness of about greater than or equal to about 2 
to about less than or equal to about 10 mils (50.8 micrometers to 25.4 micrometers) 
more preferred. 

[0058] In forming the collector plate 700, one or multiple sheets of the foil can be 

designed to comprise integral flow fields, with the desired number of sheets being 
based upon the desired number of flow fields. Typically, a system having separate 
hydrogen/fuel, oxygen/air, and coolant flow fields, i.e., a fuel cell application, will 
employ two sheets even though more sheets can be employed. Meanwhile, a single 
sheet is preferred in an electrolysis cell application having separate hydrogen/fuel and 
oxygen/air flow field. 

[0059] In one embodiment, one or multiple sheets can be embossed with the desired flow 
fields. The embossed flow fields form flow passages 740 for the cell reactants. The 
embossing can be performed using foil forming processes such as stamping, isostatic 
pressing, rolling, among other processes capable of forming the flow passages into 
the foil without over stretching the metal and/or otherwise forming weak areas prone 
to failure. Other flow field forming techniques can also be employed such as molding 
(e.g., injection molding), casting, and the like. 
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[0060] 



The flow passages 740 of the embossed flow fields can have any size and 



geometry which preferably creates flows useful in introducing the reactants, removing 
products, and preferably cooling the cell. Flow passages 740 have a size and 
geometry without zones of limited flow preferred. In a fuel cell, for example, the flow 
fields need a size and geometry to introduce sufficient hydrogen to the anode, oxygen 
to the cathode, and to remove sufficient water from the cathode. In one electrolysis 
application, the flow fields should be of a size and geometry to introduce sufficient 
water to the cathode, and to remove sufficient hydrogen and water from the cathode 
and sufficient oxygen from the anode. The flow passages 740 can be square, 
rectangular, V-shaped, semicircular, multi-sided, substantially annular or any other 
shape and can form any desired overall flow field shape, such as linear (e.g., parallel 
to a side, diagonal and the like), or non-linear (e.g., spiral, zig-zag, curved) and the 
like as well as combinations of the foregoing shapes. 

[0061] The cell collector plate 700 layer 720 comprises an integral mixture of conductive 
particles and elastomeric material disposed between the foil sheets 710, 730. The 
percentage of conductive particles can be about 5 wt96 to about 99 wt%, based upon 
the total weight of the collector plate. Within this range, the amount of conductive 
particles can be greater than or equal to about 1 0 wt%, with greater than or equal to 
about 25 wt% preferred. Also within this range, the percentage of conductive particles 
can be less than or equal to about 85 wt%, with less than or equal to about 75 wt% 
preferred. Without being held to theory, it is believed that too low of an amount of 
filler gives inadequate conductivity, and too high an amount of filler results in poor 
mechanical properties. 

[0062] Features of the cell collector plate disclosed herein include improved flexibility, 
flow field feature support and substantial uniformity of current conduction and heat 
conduction. These plates may function as current collectors providing electrical 
continuity between the fuel cell voltage terminals and electrodes. The foil sheets 
additionally provide mechanical support for the MEA and distribute the reactants and 
water across the active area of the MEA electrodes, which is accomplished by a flow 
field imprinted into the side of each foil sheet. 



[0063] 



In another embodiment, the layer 820 of the fuel cell collector plate comprises 
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conductive material in the active area 802 and non-conductive material in the inactive 
area or perimeter 801 (Figure 8). The advantage of this design is that the 
nonconductive material forms a seal with the perimeter of the foil sheets 710, 730 
such that only the active area of the collection plate is conductive. 

[0064] In yet another embodiment, the layer 720 of the collector plate 700 can be 

deposited in a pattern. The deposited pattern can be, for example, a coolant path for 
air, ethylene glycol, alcohol, water or the like, within the fuel cell collector plate 700. 
The flow passages 740 can have any size and geometry which preferably creates flows 
useful in introducing the reactants, removing products, and preferably cooling the cell 
with a size and geometry without zones of limited flow preferred. The flow passages 
740 can be square, rectangular, V-shaped, semicircular, multi-sided, substantially 
annular or any other shape and can form any desired overall flow field shape, such as 
linear, spiral, zig-zag, or any other. 

[0065] In another embodiment, the layer 720 of the collector plate 700 can be deposited 
in a radiating fin. In this embodiment, the center of the plate is not anodized while the 
outer edges of the plate are anodized. In this configuration, the collector plate 700 
can serve to remove excess heat from the fuel cell. 

[0066] The pressure pad and pressure pad system each is capable of withstanding 

pressures up to or exceeding about 1 50 psi, preferably up to or exceeding about 500 
psi, more preferably up to or exceeding about 1 ,000 psi, more preferably up to or 
exceeding about 2,000 psi, or even more preferably up to or exceeding about 1 0,000 
psi. The pressure pads can thus be introduced into a high pressure electrochemical 
cell environment. 

[0067] The invention is further illustrated by the following non-limiting examples, 
wherein pressure pad compositions and configurations are detailed. 

Example 1 

[0068] 

Pressure pad 340 is formed of a mixture of 50 wt.% VITON • and 50 wt.% niobium. 
The VITON • is in the form of cut up pieces of a 75 durometer ring having a diameter 
of about 0.05 inches (about 1.27 mm) and lengths of about 0.25 inches (about 6.35 
mm). The niobium is in the form of cut up pieces having a minimum dimension of 
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about 0.05 inches (about 1 .27 mm) and a maximum dimension of about 0.25 inches 
(about 6.35 mm). The VITON • and niobium were mixed thoroughly and placed on a 
suitable sintering fixture. The fixture was then heated at 750 ° F. The sintered plate 
comprises an integrated mixture of VITON • and niobium having a thickness of about 
0.25 inches (about 6.35 mm), and is generally brittle, being suitable for use in a 
system having operating pressures between ambient pressure and up to about 1 0,000 
psi. 

Example 2 

[0069] Pressure pad 340 is formed of a mixture of 50 wt.% VITON • and 50 wt.% niobium. 
The VITON • is in the form of cut up pieces of a 50 gauge cord having a diameter of 
about 0.125 inches (about 3.1 75 mm) and lengths of about 0.25 inches (about 6.35 
mm)]. The niobium is in the form of cut up pieces having a minimum dimension of 
about 0.1 25 inches (about 3.1 75 mm) and a maximum dimension of about 0.25 
inches (about 6.35 mm). The VITON • and niobium were mixed thoroughly and placed 
on a suitable sintering and pressing fixture having a diameter of about 1 inch (2.54 
centimeters). The fixture was subjected to a pressure of 2000 psi and a temperature 
of 400 0 F. The sintered plate comprises an integrated mixture of VITON ® and 
niobium having a thickness of about 0.25 inches (about 6.35 mm), and suitable for 
use in a system having operating pressures between ambient pressure and up to 
about 10,000 psi. 



Pressure pad 340 is formed of a mixture of 50 wt.% VITON • and 50 wt.% niobium. 
The VITON • is in the form of cut up pieces of a 50 gauge cord having a diameter of 
about 0.125 inches (about 3.1 75 mm) and lengths of about 0.25 inches (about 6.35 
mm)]. The niobium is in the form of cut up pieces having a minimum dimension of 
about 0.125 inches (about 3.175 mm) and a maximum dimension of about 0.25 
inches (about 6.35 mm). The VITON • and niobium were mixed thoroughly and placed 
on a suitable sintering and pressing fixture having a diameter of about 5 inches (12.7 
centimeters). The fixture was subjected to a pressure of 2000 psi and a temperature 
of 400 ° F for 20 minutes wherein the temperature ramping was allowed to overshoot 



Example 3 



[0070] 
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by 2.5 ° F for a period of 10 minutes. The sintered plate comprises an integrated 
mixture of VITON • and niobium having a thickness of about 0.2 5 inches (about 6.3 5 
mm), and suitable for use in a system having operating pressures between ambient 
pressure and up to about 1 0,000 psi. 

Example 4 

[0071] A number of unitary pressure pads were tested as follows: a silicone pressure pad 
comprising small carbon and nickel fibers (4.25 inch diameter, 0.33 inches (0.81 mm 
thick)) having a void volume of 48.2% was placed in a test device and subjected to a 
load of 35 inch-pounds, and a current of 25-2000 Amps was passed through the pad. 
Resistivity was calculated from the current and voltage. Results of the comparative 
tests are shown in Figure 5. As can be seen from these results, elastomeric pressure 
pads comprising particulate Ag/AI, Ag/glass, Ag/Cu, Ag/Cu (3 hours at 1 50amps), 
and Ni/C fillers (Tests 1, 3, 5, 5a, and 6, respectively) demonstrated low resistivities 
over a range of current densities from 25 to 1 75 Amps. Comparative test 2 is a 
pressure pad using niobium strips threaded through an elastomeric pressure pad. 
While this pad also has low resistivities, the niobium is not integral to the pad and the 
pad does not have a smooth surface. 

[0072] 

The electrochemical cell describe herein utilizes pressure pads formed of metals 
compatible with system fluids and the membrane. The pressure pads are capable of 
withstanding pressures up to or exceeding about 2,500 psi, and even up to or 
exceeding about 10,000 psi, with the upper pressure limit controlled by the system 
capabilities. Further, when properly configured, the pressure pads have spring rates 
that are readily predictable and uniform. An electrically conductive material and a 
relative quantity thereof can be selected and the pressure pad configured such that 
the overall electrical resistance is low, thereby lowering the overall stack resistance. 
When the electrically conductive material is substoichiometric oxides of titanium or 
other materials compatible with the environment of the cell, a pressure pad 
comprising this material can be positioned within the working fluids of the cell with 
little or no degradation of the cell. Additionally, the pressure pad can be 
manufactured at a low cost because it can be readily sintered and/or pressed as a 
single component, and assembly and preparation of the electrochemical cells are 
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simplified. Due to the fewer number of parts, an electrochemical cell using such pads 
is lower in cost and has a higher reliability. 

[0073] In addition to the new pressure pad, a new cell collector plate utilizing similar 

materials to the pressure pad has been described. The collector plate is formed by two 
foils with an electrically conductive material disposed therebetween. This new cell 
collector plate has advantages of flexibility, flow field feature support and a 
substantial uniformity of current conduction and heat conduction. Another advantage 
of this new cell collector plate is that the conductive material can be applied in a 
pattern to create coolant flow passages or a radiating fin for heat removal. Thus, both 
the pressure pad and cell collector plate described herein have significant advantages 
for electrochemical applications. 

[0074] While preferred embodiments have been shown and described, various 

modifications and substitutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be understood that the present 
invention has been described by way of illustration and not limitation. 

[0075] What is claimed is: 
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